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SCHEDULE-INDUCED POLYDIPSIA:
EFFECTS OF DELAYED WATER AVAILABILITY

James Thomas Rowan, M.A.
Western Michigan University, 1972

Five albino rats developed schedule-induced polydipsia when
placed on a fixed-interval 90 second or fixed-time 90 second schedule
of food reinforcement with water concurrently available on a fixedratio two.

The imposition of 15 second and 30 second delay contingencies

on water availability following pellet delivery failed to eliminate
the schedule-induced polydipsia.

Results are discussed in terms of

two hypotheses previously proposed to account for the post-pellet
nature of the schedule-induced polydipsic phenomenon.
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INTRODUCTION

When food deprived rats are placed on intermittent schedules
of food delivery with water freely available, excessive quantities of
water are consumed (Falk, 1961).

The phenomenon, called schedule-

induced polydipsia (SIP), develops very rapidly and typically occurs
as a post-pellet event (Hitzing and Schaeffer, 1968; Falk, 1961).
Factors such as the size of the food pellet and deprivation level are
critical in order for polydipsia to be induced in its exaggerated
form.

Animals will show well controlled schedule operant behavior

and consume the pellets even if body weights are increased slowly up
to 105% of the ad libitum weight.

However, polydipsia decreased to

about 20% of its original value as the weights are increased progres
sively through the 90 to 105% range (Falk, 1969).
Falk (1966) observed that the omission of a response contingency
makes no appreciable difference in the level of polydipsia.

Thus,

fixed-time schedules, where pellets are delivered to animals
irrespective of their behavior, produce the same degree of polydipsia
as schedules in which animals must obtain their pellets contingent
upon lever pressing.

This observation has been confirmed by Segal,

Oden and Deadwyler (1965).
One of the most important variables which affects SIP is the
length of the inter-pellet interval (IPI).

Falk (1966b) reports the

existence of a bitonic relationship between the length of the IPI and
the degree of SIP as measured by the amount of water consumed.

1
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Polydipsia increases linearly and positively up to approximately a
fixed-interval two or three minutes.

At longer Fixed-interval (FI)

values the polydipsia progressively falls off to lower levels.

Flory

(1969), using fixed-interval schedules, observed a similar relation
ship.

In addition, Segal (1965) noted that in fixed-time schedules

the percentage of pellets followed by drinking decreased at comparably
long IPIs.

These results have also been obtained by Burks (1970).

Keehn (1971) also observed this bitonic relationship and
described its development in terms of three characteristics of
drinking:

frequency, distribution and duration.

At short IPIs

(15 seconds) there was approximately an 0.50 probability that a rat
would lick within 10 seconds after pellet delivery (post-pellet
drinking episode).

Moreover, the average duration of this post

pellet drinking episode was about 10 seconds.

As the IPI was

increased up to one minute, the probability of pellet delivery
being followed by post-pellet drinking increased linearly and posi
tively to about 0.85 to 0.95.

The duration of these drinking epi

sodes also increased as the IPI was increased.

The percentage of

IPIs containing inter-pellet drinking episodes (six or more licks
occurring at least 10 seconds after previous eating or drinking)
increased positively and linearly with IPI increases.

Thus, with

a 300 second IPI, the probability of the occurrence of a post-pellet
drinking episode ranged from 0.25 to 0.35 while that of an inter
pellet drinking episode ranged from 0.20 to 0.65.

However,

these post-pellet drinking episodes were longer in duration than
the inter-pellet episodes.
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The bitonic relationship between water consumption and IPI
length seems to result from an increase in the probability and dura
tion of post-pellet drinking as the IPI increases from 15 to 180
seconds.

The decrease in water consumption with further increases in

the IPI results from a decrease in the probability of onset of
post-pellet drinking and an increase in the probability of short
duration inter-pellet drinking episodes.
In an intermittent food delivery situation when water is
available, licking is a high probability behavior, especially in the
immediate post-pellet period, and in this instance, access to water
can function as a reinforcer.

The results of studies which appear

below seem to support this hypothesis.
Clark (1962) found that SIP can sometimes disrupt operant
responding for pellets and even reduce the number of pellets obtained
Falk (1966) allowed access to an ascending series of sodium chloride
solutions to animals with established SIP and found that as the con
centration of the salt solution was increased through the hypertonic
range, more fluid was consumed than when water was offered.

As

concentrations became more hypertonic, the probability of post-pellet
drinking decreased but the lick burst size increased.

The mean

session lick burst sizes were longest in the 1.2 to 2.1% range which
is well into the rejection limb of the intake curve for both subjects
This indicates that rejection occurred only at abnormally high con
centrations .
Lester and Hymowitz (1971) have found that intraoral injections
of water ranging from 0.52 to 0.60 ml aliquots per pellet leads to
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attentuation of SIP.

However, intragastric injections of as much

as 1.22 ml aliquots per pellet had little if any obvious affects
on SIP.

Thus, an adequate explanation must include motivational

properties of SIP because it persisted despite large intragastric
and intraoral injections of water.
The above mentioned articles permit one only to infer the
existence of the reinforcing properties of licking.

However, Falk

(1966a) presents data which demonstrate that SIP can function as
a reinforcer during the post—pellet period.

He showed that permit

ting the subject to engage in SIP would sustain schedule behavior in
its own right.

Thus, under intermittent food reinforcement schedules,

when water is available in small portions at a time contingent upon
the completion of a fixed-ratio schedule, polydipsia is acquired
and will sustain large fixed-ratio requirements.

This implies that

the animal is not simply engaging in some time-filling activity or
that drinking is not just reflexively elicited by eating.

Further,

rats were placed on a variable-interval one minute reinforcement
schedule for food pellets on one response lever, and water was
concurrently available on various fixed-ratio schedules on a second
lever.

This second lever produced a four second access to 0.1 ml of

water.

Polydipsia developed under these conditions with fixed-ratio

requirements ranging from two to 50.

A counterproof measure was

run (variable-interval one minute, extinction) during which the
dipper solenoid was activated and the dipper rose into position
but no water was delivered.

During this phase, the water lever

responses ceased but the food reinforced behavior was not affected.
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These results eliminate the criticism that the responding on the water
lever was part of an adventitious chain with responses on the foodproducing lever as a final component.
The present study was designed to investigate the effects that
delays in the presentation of water availability would have on the
degree of SIP.

Data presented above indicate

that access to water

can function as a reinforcer in the immediate post-pellet period.

If

the subject is prevented from drinking during the immediate post
pellet period but is allowed access to water later in the IPI, will
this decrease the effectiveness of water availability as a reinforcer?
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METHODS

Subjects

Five albino rats, designated Cl, C2, Dl, D2 and D4, were used.
They were littermates, approximately 250 days old at the start of the
experiment and were housed individually in a constantly illuminated,
temperature-controlled room.
The animals were reduced to 80% of their starting weights by
limiting their daily food intake.

Water was freely available in

their home cages throughout the study except for the duration of the
shaping procedure on the water lever.

Apparatus

The experimental enclosure consisted of a sound attenuated
chamber.

The interior working space, which measured 9 X 13 X 7

inches, contained a Lehigh Valley pellet dispenser (45 mg Noyes
pellets), two Lehigh Valley response levers and cue lights.

Both

levers were mounted on the intelligence panel one inch above the
floor grid, and seven inches apart.
activated a feedback relay.
inches above each lever.

Responding on either lever

There were three cue lights placed two

To the left of the right lever was a food

magazine and to the right of the left lever was a water dispenser.
Responses on the left hand lever produced 0.3 ml of water for a
duration of 3.5 seconds.

The three cue lights above the left lever

were on all the time during baseline except for the 3.5 seconds of

6
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water availability.
pellets.

Responses on the right hand lever produced food

The cue lights above this lever were turned off for 100

milliseconds simultaneously with each food delivery.
The sessions were monitored by electromechanical relay
equipment and responses, as well as stimulus events, were recorded
on Esterline Angus event recorders, Gerbrands cummulative recorders
and Sodeco print and digital counters.

Procedure;

Contingent Subjects

In the first training phase, the subjects’ home cage water
bottles were removed and the subjects were shaped to press the water
lever (left).

After several sessions on continuous reinforcement for

water, the animals were shifted to a fixed-ratio two (FR 2) and
remained on this schedule throughout the study.

During the second

phase, the subjects were given discrimination training.

The S®

lights above the water lever did not turn on immediately after the
3.5 second dipper time, but rather remained off for periods ranging
from five to 30 seconds.

The duration of the S

period changed in

a semi-random fashion with every tenth water reinforcement.
the S

During

periods responding on the water lever neither produced water

nor activated the feedback relay in the chamber.

Moreover, each

response during the delay period delayed the onset of the S® period
for 15 seconds.

These training sessions lasted one hour and were

conducted until the subjects' number of errors constituted less than
10% of the total responses for three consecutive days.

During this

phase, the subjects were given a 10 minute access to water in their
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home cages five hours after the session.
After each subject achieved criterion responding, the water
tubes were returned to its cage and training on the right lever,
which produced food pellets, was instituted.

After several sessions

on continuous reinforcement for food pellets, the schedule require
ments were changed successively to FR 5, FI 15, FI 30, FI 60 and
FI 90 seconds.

All subjects completed this phase within four days.

Since these schedules were only used for training, the performance
data do not appear in the results.
When the food reinforcement schedule was changed to FI 90
seconds, the S® lights above the water lever were reintroduced and
the original FR 2 water reinforcement schedule was reinstated.
During the baseline phase, this bar was concurrently available
throughout the entire session.

Procedure;

Non-contingent Subjects

The non-contingent subject received the same training as the
contingent subjects except that this animal was not trained to bar
press for food on the right hand lever.

Instead, he was magazine

trained for pellets and placed on the following fixed-time schedules
for non-contingent food delivery;
and FT 90 second schedules.

FT 5, FT 10, FT 30, FT 45, FT 60

This transition also lasted four days.

The lights above the water lever were reintroduced once the magazine
training was completed.
Baseline sessions were conducted until responding by all subjects
on the water lever stabilized.

Stability was defined as follows.
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The last 10 consecutive days in a phase were divided into two parts
of five days each.

The mean number of water reinforcements obtained

during each of the five days was computed.

If these two means had a

deviation of 10% or less from the mean of the 10 days combined, the
stability criterion was met.

Moreover, a trend in any direction,

even if a subject met criterion, precluded his being shifted to a
manipulation phase.

A trend was defined as a systematic increase

or decrease in the number of water reinforcements obtained during the
10 days under consideration.

If values for three days from each

group of five fell within the range of the other five-day group, no
trend was considered to exist.
After each subject satisfied the stability criterion during
the baseline session, he was shifted to a 15 second delay of water
availability.

During this phase, the S® lights above the water

lever were turned off during pellet delivery and remained off for a
minimum of 15 seconds.

Responding on the left lever during this

delay period did not result in water delivery but did delay the onset
of the S® lights for another 15 seconds.
It was possible that the delay period could last for the
entire length of the 90 second food interval if the subject continued
to respond before the termination' of the delay period.

The S® lights

above the right hand lever were on throughout the entire session
except for the 100 millisecond blink accompanying food delivery.
After each subject's response rate on the water lever met the
stability criterion in the 15 second delay phase, the delay period
was increased to 30 seconds.

The only difference between the first
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and second manipulation was the length of the delay period.

All other

procedures remained the same.
Sessions were terminated after 50 food reinforcements and any
food supplements necessary to maintain the subjects at 80% weight
were given 1.5 hours after the daily session.
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RESULTS

Figures 1 through 4 show the number of water reinforcements
and total bar presses for food, per session, for each contingent
subject (concurrent FI 90 seconds, FR 2 schedule).

Figure 5 shows

the number of water reinforcements, per session, for the non-con
tingent subject (concurrent FT 90 seconds, FR2 schedule).

Baseline

data indicate that responding for both food and water tended to
stabilize
The

quite rapidly for all subjects.
imposition of a 15 second delay in water availability

resulted in an increase in the number of water reinforcements earned
for subject D1 (Figure 3).

Subject D4 (non-contingent) showed a

decrease in the number of water reinforcements earned (Figure 5).
The other subjects did not show any appreciable deviations from base
line levels during this phase.

Food responding for all contingent

subjects remained unchanged following the instigation of the delay
period.
With a 30 second delay in access to water, subject D1 con
tinued to show an increase in the number of water reinforcements.
Subject D4 showed an even greater decrease, but subjects Cl, C2 and
D2

showed levels of SIP comparable to those during the baseline and

15

second delay conditions.

However, therelatively low levels of

polydipsia displayed by these latter four subjects should be noted.
Responding for food reinforcement was insensitive to the imposition
of this increased delay.

11
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Figures 6 through 8 present data which show the IPI distri
butions for both bar pressing for food and water under each of the
three experimental conditions:
second delay.

baseline, 15 second delay and 30

The IPI was divided into six equal intervals or bins:

0-15 seconds, 16-30 seconds, 31-45 seconds, 46-60 seconds, 61-75
seconds and 76-90 seconds.

Bar presses on both the food and water

levers were recorded separately in terms of which bin of the 90
second IPI they occurred.

The raw data for each of the last five

sessions of each phase were then converted into the percentage of
the total session responses xdiich occurred in each of the six
successive 15 second bins.

The mean percentage over these five

session periods were then computed and plotted in histogram form.
The means shown in these figures are representative of the
individual session data.

The baseline data reveal a high probability

of responding on the water lever in the very early portions of the
IPI (0-15 seconds) for subjects C2, D2 and D4, and only somewhat
later (16-30 seconds) for subjects Cl and Dl.

They also show that

the probability of responding on the water lever decreased steadily
as the IPI progressed.
from this trend.

Only subjects Dl and D4 showed deviations

The shape of the relative frequency distribution

for food responding was the inverse of that for water.

The proba

bility of responding on the food lever was low during the first 60
seconds of the IPI, but showed appreciable increases in the fifth
bin, usually peaking in the sixth (76-90 seconds).

This inverse

relationship between food and water responding is shown by all
contingent subjects, with the exception of C2, who showed a different

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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food responding probability distribution (Figure 6).

It should be

noted that distribution of food responding by all contingent subjects
showed very little change across the three experimental conditions.
Figures 6 through 8 also show for all subjects that more than
70% of the total responses for water occurred during the first 60
seconds of the IPI during all three experimental conditions.
subjects C2 and D2, this figure was as high as 95%.

For

However, it

should be noted that these two subjects had relatively low levels of
polydipsia, D2 showing the lowest of all subjects.
The non-contingent animal, D4, displayed a relatively
similar distribution of responding for water, however, it differed
from those of the contingent subjects in that it tended to peak later
in the IPI (30-60 seconds).

Only one contingent subject, Dl, showed

a distribution similar to that of the non-contingent subject.
Further examination of Figures 6 through 8 reveals that,
during both delay phases, drinking was most probable during the first
15 second bin following the onset of water availability.

These bins

are indicated by arrows which appear above the appropriate bars of
the histograms.

Once again, subject Dl proved to be the exception.

Subjects C2 and D2 showed clear shifts in the probability of res
ponding on the water lever in the first interval during which water
became available.
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DISCUSSION

There are at least two hypotheses which could be proposed for
the reasons why SIP is a post-pellet phenomenon.

The first is con

cerned with the aversive properties of the immediate post-pellet
period.

Previous research has established that this period is

aversive to a subject on an intermittent schedule for food rein
forcement.

These schedules can induce not only adjunctive aggression

but also escape behavior (Azrin, 1961; Thompson, 1964).

When water

is available during the post-pellet period, the subject consumes an
excessive amount of water.

This first hypothesis would predict that

if water is made available only after a substantial delay following
pellet delivery, a large decrease in the amount of water consumed
would occur.
The second hypothesis is concerned with the functional role
of post-pellet behavior.

It could be proposed that such behavior

reduces frustration which is induced by the intermittent food delivery
schedule.

The subject does not engage in this behavior late in the

IPI since he has been engaged in it at a high rate during the early
segments of the food interval.

This hypothesis would predict that

the imposition of a delay contingency would not result in a decrease
in the total water lever responses and that the percentage distri
bution of these responses would shift toward the end of the IPI.
Furthermore, this would occur because the imposition of the delay
contingency would prevent the subject from engaging in this behavior
during the immediate post-pellet period.
14
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In this study SIP during delay conditions did not change as
predicted by either hypothesis.

The imposition of delays, which pre

vented the subject from engaging in immediate post-pellet drinking,
did not decrease the total number of water reinforcements earned.
Further, the instigation of the 30 second delay period, which pre
vented the subject from drinking during the first 50% of the time
during which he drank most during baseline, did not lead to a decrease
in the percentage of water reinforcements earned during the first
60 seconds of the IPI.

Additionally, the percentage of total

responses on the water lever during the last two bins of the IPI re
mained at the same levels across all three experimental conditions for
all subjects including the non-contingent animal.

Thus, all subjects

still earned at least 70% of the total number of water reinforcements
during the first 60 seconds of the IPI (water available only during
31-60 seconds).

This percentage remained at 95% for subjects C2 and

D2.
It should be emphasized that the schedule of water rein
forcement during the delay contingency differed from the baseline
schedule.

In effect, this schedule changed from FR 2 to multiple

extinction, FR 2.

Thus, the initial increase in the percentage of

total water responses occurring in the first bin during which water
was available could be interpreted as a positive contrast effect
(O'Brien, 1968).

In essence, it was a transient contrast effect

since the percentage of water lever responses in these bins during
which water was first available increased as a function of an
increase in the absolute number of responses during these bins and
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was not a function of a decrease in the absolute number of responses
in bins five and six.
It would be interesting to observe what affects imposing 45
and 60 second delay contingencies would have on the level of SIP.
Further research along these lines would provide more definitive
evidence concerning the variables controlling the parameters of
polydipsia.

Moreover, attempts should be made to control for

possible contrast effects.

One possible approach would be to

include another group of subjects which have not had a previous
history of immediate post-pellet water availability.
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FIGURE LEGENDS

Figure 1

The total number of bar presses for food and
total number of water reinforcements per session
plotted for subject Cl under all three experi
mental conditions.

The vertical dashed line

indicates a change in experimental conditions.
Figure 2

The total number of bar presses for food and
total number of water reinforcements per session
plotted for subject C2 under all three experi
mental conditions.

The vertical dashed line

indicates a change in experimental conditions.
Figure 3

The total number of bar presses fcr food and
total number of water reinforcements per session
plotted for subject Dl under all three experi
mental conditions.

The vertical dashed line

indicates a change in experimental conditions.
Figure 4

Total number of bar presses for food and
total number of water reinforcements per session
plotted for subject D2 under all three experi
mental conditions.

The vertical dashed line

indicates a change in experimental conditions.
Figure 5

Total number of water reinforcements per

session

plotted for subject D4 under all three experi
mental conditions.

The vertical dashed line

indicates a change in experimental conditions.
17
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Figure 6

The inter-pellet interval distributions for both
bar pressing for food and bar pressing for water for
subjects Cl and C2.

The upper panel displays bar

pressing for water; the lower panel displays bar
pressing for food.

The numbers 1 through 6 along

the abscissa represent respectively the 0-15, 16-30,
31-45, 46-60, 61-75 and 76-90 second bins of the
90 second inter-pellet interval.

The bars above

each bin number show the percentage of total re
sponses for the three successive experimental con
ditions:

1) FI 90 seconds, FR 2, 2) FI 90 seconds,

multiple extinction 15 seconds, FR 2 and 3) FI 90
seconds, multiple extinction 30 seconds, FR 2.
Figure 7

The inter-pellet interval distributions for both
bar pressing for food and bar pressing for water for
subjects Dl and D2.

The upper panel displays bar

pressing for water; the lower panel displays bar
pressing for food.

The numbers 1 through 6 along

the abscissa represent respectively the 0-15, 16-30,
31-45, 46-60, 61-75 and 76-90 second bins of the
90 second inter-pellet interval.

The bars above

each bin number show the percentage of total re
sponses for the three successive experimental con
ditions:

1) FI 90 seconds, FR 2, 2) FI 90 seconds,

multiple extinction 15 seconds, FR 2 and 3) FI 90
seconds, multiple extinction 30 seconds, FR 2.
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Figure 8

The inter-pellet interval distribution for
bar pressing for water by subject D4.

The

numbers 1 through 6 along the abscissa represent
respectively the 0-15, 16-30, 31-45, 46-60,
61-75 and 76-90 second bins of the 90 second
inter-pellet interval.

The bars above each bin

number show the percentage of total responses
for the three successive experimental conditions:
1) FT 90 seconds, FR 2, 2) FT 90 seconds,
multiple extinction 15 seconds, FR 2 and
3) FT 90 seconds, multiple extinction 30 seconds,
FR 2.
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